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QUANTITATIVE MULTIPLEX DETECTION OF NUCLEIC ACIDS 
TECHNICAL FIELD OF THE INVENTION 

This invention relates to multiplex amplification and detection methods useful for 
genotyping mutations, especially single nucleotide polymorphisms, and for analyzing 
differential gene expression profiles, genomic methylation patterns and any specific 
nuclei acids from any source. 

BACKGROUND OF THE INVENTION 

Most of the currently used methods for gene expression profiling and SNP genotyping 
require amplification of the target DNA by the polymerase chain reaction (PCR) 
technique. SNP and gene expression study involves the analysis of large complex 
fragments and this is achieved by multiplex PCR (the simultaneous amplification of 
different target DNA sequences in a single PCR reaction). Results obtained with 
multiplex PCR however are often complicated by artifacts of the amplification products. 
These include false negative results due to reaction failure and false-positive results (such 
as amplification of spurious products) due to non-specific priming events. Since the 
possibility of non-specific priming increases with each additional primer pair, conditions 
must be modified as necessary as individual primer sets are added 

Attempts have been made to overcome some of the disadvantages associated with 
multiplex PCR One method is based on an additional pre-amplification step yielding a 
long DNA fiagment, which is then used as a template for reamplification of short 
amplicons (Li et al. Nucleic Acids Research 24: 538, 1996). This approach however is 
not very robust for amplifying multiple targets from different parts of complex genomes. 
Another PCR-based multiplex approach for large-scale genotype analysis has been 
developed by Lin etal. (Proc.Natl. Acad Sci. USA, 1996). In this approach, the 
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multiplex amplification procedure consists of three PCR rounds. Shuber (US patent 
5,882,856) and Brownie etal. (Nucleic acid Research, 1997, 23 3235-3241) described 
similar approaches that use universal sequences tagged primers for multiplex 
amplification. Still a lot of efforts of optimization are needed in these approaches, and 
the reactions may not quantitatively^amplify all targets. 

The advent of multiplexed SNP-based genetic analysis has underscored a need for simple 
and accurate genotyping methods that can accommodate thousands of loci with economy 
of cost and consumption of sample DNA Current state-of-the-art in SNP analysis 
involves pre-amplification of genomic DNA (by PCR), followed by SNP genotyping with 
an allele discrimination method such as DNA cleavage, ligation, single base extension or 
hybridization. A common drawback for most of high throughput technologies is that a 
prior PCR amplification of each target is often needed, which is difficult, time consuming 
and expensive. 

Thus, the multiplex PCR amplification remains a rate-limiting factor for developing truly 
high throughput systems for genotyping, gene expression profiling, methylation profiling 
and for detecting other nucleic acid targets. 

The present invention provides quantitative multiplex amplification methods which if 
coupled with a detection system, for example a gel or capillary electrophoresis system, 
can be used for high throughput SNP genotyping, gene expression profiling, DNA 
methylation profiling and detecting multiple different nucleic acid targets. Because 
product detection occurs concurrently with target amplification, the methods are high 
throughput, highly sensitive, and specific and require minimal starting material 

SUMMARY OF THE INVENTION 

The present invention provides multiplex amplification methods for quantitatively 
detecting and genotyping nucleic acid sequences in biological samples. Methods 
disclosed herein may be used to detect and genotype mutations, analyze differential gene 
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expression, differential genomic methylation patterns and quantitatively detect and 
measure the amount and the presence of any specific nucleic acid of interest Methods are 
useful for establishing individualized genetic profiles, and also useful for identifying 
nucleic acid of an invading disease-causing microorganism. 

Methods of the invention comprise steps of initial reactions of primer extension or 
amplification, restriction enzyme digestion, random ligation, final amplification and 
detection (FIG. 1). By utilizing these combined steps, the methods of the invention allow 
nearly proportional amplification of different targets. The methods also are designed to 
eliminate certain types of amplification biases, which occur during conventional PCR 
amplification, arising out of different efficiency of priming and polymerization on 
different sequence context and different product length. For the detection process, gel 
electrophoresis and capillary array electrophoresis are used to separate fragments that are 
distinguishable by sizes and /or detectable labels. In one embodiment of the invention, for 
the detection of amplified nucleic acid products, the dNTPs, primers and single stranded 
final amplification products are eliminated by any means of digestion known in the art, 
for example, incubating with shrimp alkaline phosphatase and exonuclease I. 
Subsequently, the products are digested by restriction enzyme, and analyzed on a gel 
directly. Alternatively, the digested products can be labeled by polymerase extension 
with dye labeled terminators (FIG. 1). 

In one embodiment of the invention, for genotyping and detecting multiple mutations or 
SNPs (FIG. 2), reaction mixtures comprise target nucleic acid sample and a set or sets of 
multiple primers. Reverse primers can be conventional primers containing 
complementary portion only, or preferably comprising a V complementary portion and a 
5' non-complementary portion. The allele-specific forward primer comprises two 
portions: a 3' complementary portion and a 5' non-complementary portion. The 
complementary portions of allele-specific forward primers comprise 3 'ends which are 
complementary to either allele at mutation or polymorphism sites. The non- 
complementary portions generally contain specific sequence elements that are useful or 
essential for particular embodiments. In this embodiment of the invention, an allele- or 
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gene- specific restriction site is incorporated into 5' region of and preferably immediately 
adjacent to the complementary portion of each allele-specific forward primer. As in most 
of embodiments, wherein a common restriction site is incorporated into primers, it is 
preferred that the common restriction site is incorporated at a few bases 5' of the allele- 
or gene- specific restriction sites. The common restriction site is referred to as first 
restriction site (its cognate enzyme is named first restriction enzyme); the allele- or gene- 
specific restriction site is referred to as second restriction site (its cognate restriction 
enzyme is named second restriction enzyme). It is designed that allele-specific primers 
comprise allele-specific second restriction sites that are specific for each allele. In other 
words, one allele-specific primer with one SNP nucleotide is tagged by one restriction 
site (for example Msp I), whereas another allele-specific primer with another SNP 
nucleotide is tagged by another restriction site (for example Dpn II). In this way, the 
sequences of two allele-specific primers differ in their 3' end nucleotides and the second 
restriction sites that are useful for the detection of particular allele or SNPs. Alternatively, 
if the same second restriction enzyme site (for example, Dpn II site) is incorporated into 
the allele-specific primers, their locations can be different between the two allele-specific 
primers by several bases, preferably 1 to 9 bases. In this way, the two allele-specific 
primers differ in the locations of second restriction sites that result in length difference in 
the final amplification products if digested on the second restriction sites. In this 
embodiment, the allele-specific primers comprise the same non-complementary portion 
sequences except for the second restriction sites. A link sequence between first and 
second restriction sites can contain any sequence. The reverse primers or allele-specific 
forward primers can be tagged by capture moieties, for example biotin. 

In the above embodiment, a set of reverse and allele-specific forward primers targeting 
multiple mutation or SNPs is mixed with target nucleic acid sample under appropriate 
primer extension or amplification conditions. Alternatively, different sets of reverse and 
allele-specific forward primers are mixed with target nucleic acid samples in separate 
reactions under appropriate primer extension or amplification conditions. Primer 
extension is performed once or more than once with the same or different sets of multiple 
primers; or amplification is performed once or more than once with the same or different 
sets of multiple primers each for a number of cycles which can be 1 to 30 cycles, or more 
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preferably 3 to 15 cycles. Optionally, the resulted products are immobilized to a solid 
support via binding capture moiety. After subsequent purification, the DNA products are 
restriction digested with the first restriction enzyme or with the second restriction 
enzymes if the first restriction sites are not incorporated into the allele-specific forward 
primers. Digested DNA products from one reaction or separate reactions are joined with a 
DNA ligase to create randomly ligated nucleic acid fragments. The ligated DNAs are 
amplified using reverse primers or the universal primes having sequences identical or 
homologous to the non-complementary portions of the reverse primers. In one method for 
the detection, the dNTPs and primers from final amplification products are eliminated by 
digestion. After purification, the DNA products are digested with the second restriction 
enzymes, then are extended with a DNA polymerase in the presence of dye labeled 
terminators. Subsequently, the products are analyzed on a gel or capillary 
electrophoresis. The amplified products also can be detected by any method known in the 
art. 

In another embodiment of the invention, for genotyping and detecting multiple mutations 
or SNPs (FIG. 3), reaction mixtures comprise target nucleic acid samples and a set or sets 
of multiple primers. The sequences of non-complementary portions of the two allele- 
specific forward primers are different, for example, one allele-specific primer having T7 
promoter sequence and another allele-specific primer having T3 promoter sequence. A 
common restriction site is designed or chosen for all targets either on primer sequences or 
on target sequences. The reverse primers are tagged with capture moieties, or preferably 
universal primers having sequences identical or homologous to the non-complementary 
portions of reverse primers are tagged with capture moieties. The target nucleic acid 
sample is mixed with the sets of multiple primers under appropriate primer extension or 
amplification conditions. Primer extension is performed once or more than once with the 
same or different sets of multiple primers; or amplification is performed once or more 
than once with the same or different sets of multiple primers each for a few cycles which 
can be 1 to 30 cycles, or more preferably 3 to 15 cycles. Optionally, the resulted products 
are immobilized to a solid support via binding capture moiety. After subsequent 
purification, the DNA products are digested on the restriction sites . The digested products 
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from one reaction or separate reactions are then joined with a DNA ligase. The ligated 
products are amplified using universal primers having the sequences identical or 
homologous to non-complementary portions of forward primers, for example T7 and T3 
primers. It is preferred that the universal primers are tagged by different fluorescence 
dyes. The amplified products are detected by a detection method. For example, the DNA 
can be digested with the restriction enzyme and analyzed on a sequencing gel. 

In yet another embodiment of the invention, methods are designed for quantitative 
detection of multiple nucleic acid target sequences, for example analyzing gene 
expression profiles, DNA methylation patterns, disease-causing microorganisms and 
virus nucleic acids. One reverse primer and one forward primer for each target sequence 
are included in a set of multiple primers. A common restriction site is designed or chosen 
for all targets either on primer sequences or on target sequences. The reverse primers are 
tagged by capture moiety, or preferably universal primers having sequences identical or 
homologous to the non-complementary portion sequences of reverse primers are tagged 
by a capture moiety. The universal primers with capture moiety are incorporated into 
products at some stage of reaction. A set or sets of multiple primers are mixed with target 
nucleic acid samples in reactions under appropriate primer extension or amplification 
conditions. Alternatively, different sets of multiple primers are mixed with target nucleic 
acid samples in separate reactions under appropriate primer extension or amplification 
conditions. An initial reaction of primer extension is performed once (Fig. 5) or an initial 
amplification is performed for a number of cycles which can be 1 to 30 cycles, or more 
preferably 3 to 15 cycles (Fig. 4). The resulted products can be mixed with another set of 
multiple primers under appropriated primer extension (Fig. 5) or amplification conditions 
(Fig. 4), in which primer extension or amplification can be performed once or a few 
cycles which can be 1 to 30 cycles, or more preferably 3 to 15 cycles. Optionally, the 
resulted products are immobilized to a solid support via binding capture moiety. After 
subsequent purification, the DNA products are digested on the restriction sites. The 
digested products or a part of digested products with or without capture moieties are then 
joined with a DNA ligase. If desirable, the digested products or parts of digested products 
from separate reactions are ligated together. The ligated products are amplified using 
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forward primers or preferably the universal primers having sequences identical or 
homologous to the non-complementary portion sequences of forward primers. The 
amplified products are detected by any method known in the art 

In another aspect, the invention encompasses methods for high-throughput genetic 
screening. The method, which allows the rapid and simultaneous detection of multiple 
defined target DNA sequences in DNA samples obtained from a multiplicity of 
individuals, is carried out by simultaneously amplifying many different target sequences 
from a large number of patient DNA samples. 

In yet another aspect, the present invention provides single-stranded oligonucleotide 
primers for detection of a target DNA sequence. The 5' non-complementary portion of 
the primer comprises at least one restriction en2yme site, which acts as detection marker 
in a process of detecting the target nucleic acid sequence. A detection signal generated 
from en2ymatic manipulation on the restriction site in a reaction product is indicative of 
the presence of the target nucleic acid sequence. The restriction site can be designed to be 
allele-specific, gene-specific or SNP-specific. 

The methods and compositions of the present invention can be applied to the diagnosis of 
genetic and infectious diseases, gender determination, genetic linkage analysis, and 
forensic studies. 

DESCRIPTION OF THE DRAWINGS 

FIG.l is a schematic diagram of an example of multiplex amplification and detection of 
multiple targets in a nucleic acid sample. (1) A set or sets of multiple primers are 
incubated with target DNA in reactions of primer extension or amplification (also 
referred to as first amplification). This amplification is carried out for 1 to 15 cycles. (2) 
The primer extension or amplification products are digested on restriction sites with 
cognate restriction enzymes. Optionally, before digestion the products may be 
immobilized to a solid support (3) Purification. (4) The digested and purified products 
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from one reaction or separate reactions are ligated using a DNA ligase. (5) The ligated 
products are then amplified using target specific primers or universal primers. A 
detection method provided in this invention using electrophoresis is shown in the 
detection part of this diagram. (6) dNTP, primers and single stranded products are 
eliminated This step is optional. This elimination step may be carried out by any 
digestion and/or purification method. (7) The products are digested on the restriction 
sites. (8) If fluorescence dye labeled primers are used in step 5, products may be directly 
subjected to a detection system, for example running an electrophoresis gel. (9) If non- 
labeled primers are used in step 5, digested products are extended by a DNApolymerase 
in the presence of labeled terminator nucleotides. This step requires that in step 7 
restriction digestion leaves digested DNA with 5' protruding ends. (10) Denaturing the 
extended double stranded products, running the DNA on gel or capillary electrophoresis. 
(11) Analyzing the data, preferably analyzing the data with an aid of a computer program 

FIG. 2 is a schematic diagram of an example of detection of multiple SNPs. A target 
nucleic acid sample is mixed with a set of reverse and allele-specific forward primers 
targeting multiple mutations or SNPs under appropriate primer extension conditions. For 
each mutation or SNP, one reverse and two allele-specific forward primers are included 
in the set of multiple primers. The figure shows an example of sequences of two allele- 
specific primers. One allele-specific forward primer with allele nucleotide C is tagged 
with a restriction site Msp I in the second restriction site; another allele-specific primer 
with allele nucleotide T is tagged with another restriction site Dpn JL The non- 
complementary portions of all allele-specific forward primers contain a common fust 
restriction enzyme site EcoR I which is incorporated at three bases 5' of the second 
restriction sites. The 5' ends of allele-specific forward primers are tagged with biotin. 
Primer extension or amplification is performed once or preferably a few cycles which can 
be 1 to 30 cycles, or more preferably 3 to 15 cycles. Optionally, the primer extension 
products are immobilized to a solid support via binding streptavidin coated beads. After 
subsequent purification and restriction digestion with the first restriction enzyme or with 
the second restriction enzymes if the first restriction sites are not included in the allele- 
specific forward primers, the digested products or parts of digested products without 
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capture moieties are then ligated to each other with a DNA ligase. The ligated products 
are amplified using reverse primers or universal primers. The amplified products are 
detected by any method known in the art. 

FIG. 3 is a schematic diagram of another example of detection of multiple SNPs. A target 
nucleic acid sample is mixed with a set or sets of multiple primers under appropriate 
primer extension or amplification conditions. The non-complementary portions of the 
two allele-specific forward primers have different sequences, for example T7 or T3 
promoter sequences. A common restriction site is designed or chosen for all targets either 
on primer sequences or on target sequences. The reverse primers are tagged by a capture 
moiety, for example biotin. Primer extension is performed once or more than once with 
the same or different sets of multiple primers; or amplification is performed once or more 
than once with the same or different sets of multiple primers each for a few cycles which 
can be 1 to 30 cycles, or more preferably 3 to 1 5 cycles. Optionally, the resulted products 
are immobilized to a solid support via binding capture moiety. After subsequent 
purification, the DNA products are digested on the restriction sites. The digested DNA 
from one reaction or separate reactions are then ligated with a DNA ligase. The ligated 
DNA are amplified using universal primers having the sequences identical or 
homologous to non-complementary portions of primers, for example T7 and T3 primers. 
It is preferred that the universal primers are labeled by different fluorescence dyes. The 
amplified products are detected by a detection method. 

FIG. 4 is a schematic diagram of an example of quantitative amplification and detection 
of multiple nucleic acid target sequences, for example, analyzing gene expression 
profiles, DNA methylation patterns, disease-causing microorganisms and virus nucleic 
acids. A target nucleic acid sample is mixed with a set or sets of multiple primers under 
appropriate primer extension or amplification conditions. A common restriction site is 
designed or chosen for all targets either on primer sequences or on target sequences. The 
reverse primers can be tagged by capture moiety, for example biotia Primer extension is 
performed once or amplification is performed for a few cycles which can be 1 to 30 
cycles. The resulted products can be mixed with another set of multiple primers under 



WO 2004/065628 



PCT/GB2003/000207 



10 

appropriated primer extension or amplification conditions, in which primer extension or 
amplification can be perfonned once or a few cycles. Optionally, the resulted products 
are immobilized to a solid support via binding capture moiety. After subsequent 
purification, the DNA products are digested on the restriction sites. The digested DNA or 
the part of digested DNA with or without capture moieties are then ligated to each other 
with a DNA ligase. The ligated products are amplified using forward primers or 
preferably the universal primers having sequences identical or homologous to the non- 
complementary portion sequences of forward primers. The amplified products are 
detected by any method known in the art. 

FIG. 5 is a schematic diagram of an example of multiplex amplification and detection of 
multiple KNA transcripts. A target RNA sample is mixed with a set of multiple target 
specific reverse primers, random primers or oligo dT primers under appropriate reverse 
transcription conditions, wherein a single stranded cDNA is synthesized. Double 
stranded cDNA is synthesized by using a set of multiple target specific forward primers 
or random primers under appropriate second strand cDNA synthesis condition. 
Optionally, the ds cDNAs are immobilized to a solid support via binding capture moiety. 
The synthesized regions of ds cDNAs are pre-chosen such that all fragments contain at 
least one restriction site (herein Dpn II site). After subsequent purification, the ds cDNA 
are restriction digested. The digested ds cDNA may be purified or immobilized to remove 
the parts with capture moiety. The digested ds cDNA or parts of ds cDNA without 
capture moieties are ligated to each other by a DNA Egase under standard ligation 
conditions. The ligated products are amplified using universal primers having sequences 
identical or homologous to non-complementary portions of forward primers. The 
amplified products are detected by any method known in the art 

FIG. 6 and FIG. 7 are schematic diagrams of an example of multiplex amplification and 
detection of SNPs using allele-specific primers. Various primers and their locations are 
shown in FIG. 6. Examples of universal primer sequences and primer sequences for one 
SNP are shown in the FIG 6. 
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FIG. 7 shows a detailed experimental procedure which is presented in Example 1. 
FIG. 8 is an experimental result of Example 1. 

FIG. 9 shows an alternative detection method of amplified EcoR I products from example 
presented in FIG. 6, FIG. 7, FIG. 8, and Example 1 . This alternative detection metho d is 
designed to detect amplified products using fluorescence labeled terminator ddNTP and 
DNA extension by aDNA polymerase. 

FIG 1 0 is a schematic diagram of an example of multiplex amplification and detection of 
multiple DNA targets comprising SNPs. Various primers and their locations are shown in 
the figure. Three experimental procedures are presented and are described in Example 2. 

FIG. 1 1 is an experimental result of Example 2. 
DETAILED DESCRIPTION OF THE INVENTION 

To facilitate understanding of the invention, a number of terms are defined below. 

A "nucleic acid", as used herein, is a covalently linked sequence of nucleotides in which 
the 3* position of the pentose of one nucleotide is joined by a phosphodiester group to the 
5' position of the pentose of the next, and in which the nucleotide residues (bases) are 
linked in specific sequence; i.e., a linear order of nucleotides. A "polynucleotide", as used 
herein, is a nucleic acid containing a sequence that is greater than about 100 nucleotides 
in length. An "oligonucleotide", as used herein, is a short polynucleotide or a portion of a 
polynucleotide. An oligonucleotide typically contains a sequence of about two to about 
one hundred bases. 

"Primer" as used herein refers to an oligonucleotide, whether occurring naturally or 
produced synthetically, which is capable of acting as a point of initiation of synthesis 
when placed under conditions in which synthesis of primer extension product which is 
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complementary to a nucleic acid strand is induced i.e., in the presence of nucleotides and 
an agent for polymerization such as DNA polymerase and at a suitable temperature and 
buffer. The primers herein are selected to be substantially complementary to the different 
strands of each specific sequence to be amplified. This means that the primers must be 
sufficiently complementary to hybridize with their respective strands. A non- 
complementaiy nucleotide fragment may be attached to the 5 '-end of the primer, with the 
remainder of the primer sequence being complementary to the diagnostic section of the 
target base sequence. Commonly, the primers are complementary except when non- 
complementary nucleotides may be present at a predetermined primer terminus as 
described. 

As used herein, the terms "complementary" is used in reference to polynucleotides (i.e., a 
sequence of nucleotides) related by the base-pairing rules. For example, for the sequence 
"A-G-T," is complementary to the sequence "T-C-A" 

The term "identical" means that two nucleic acid sequences have the same sequence or a 
complementary sequence. 

The term "homologous" means that one single-stranded nucleic acid sequence may 
hybridize to a complementary single-stranded nucleic acid sequence. The degree of 
hybridization may depend on a number of factors including the amount of identity 
between the sequences and the hybridization conditions such as temperature and salt 
concentration. Preferably the region of identity is greater than about 5 bp, more 
preferably the region of identity is greater than 10 bp. 

"Amplification" as used herein denotes the use of any amplification procedures to 
increase the concentration of a particular nucleic acid sequence within a mixture of 
nucleic acid sequences. 
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As used herein, the terms "restriction enzymes" and "restriction endonucleases" refer to 
bacterial enzymes, each of which cut double-stranded DNA at or near a specific 
nucleotide sequence. The specific nucleotide sequence is a "restriction site". 

The term "sample" as used herein is used in its broadest sense. A biological sample 
suspected of containing nucleic acid can comprise, but is not limited to, genomic DNA, 
cDNA (in solution or bound to a solid support), and the like. 

The present invention describes methods and compositions that allow the essentially 
simultaneous amplification and detection of a large number of different target nucleic 
acid sequences. The methods of invention comprise of amplification and detection 
processes as shown in FIG. 1. 

A. Amplification 

(1) Providing a set or sets of multiple primers with target nucleic acids in reactions of 
primer extension or amplification (also referred to as first amplification). Alternatively, 
providing different sets of multiple primers with target nucleic acids in separate reactions 
of primer extension or amplification. These reactions produce nucleic acid products in 
that each nucleic acid fragment comprises at least one restriction site. The reactions of 
primer extension or amplification are carried out at least once for 1-30 cycles, preferably 
3-1 5 cycles. These reactions enable nucleic acid products derived from multiple targets to 
be created or amplified to a certain amount without introducing bias and non-specific 
products. 

(2) Restriction digestion of products of step (1) on the restriction sites, preferably on the 
common first restriction sites, with cognate restriction enzyme. Optionally, before 
restriction digestion, the products may be immobilized to a solid support and purified. 

(3) Purification of product of step (2) by any method known in the art 
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(4) Join of products of step (3), preferably using a DNA ligase, whereby randomly joined 
nucleic acid fragments from said reaction or said separated reactions are created. 

(5) Final amplification of joined products of step (4). 
B. A detection method using electrophoresis 

(6) Eliminating dNTP, primers and single stranded products from final amplification 
products. This step is optional. This elimination may be carried out by any digestion 
and/or purification method. 

(7) Restriction digestion of products of step (6) on the restriction site, preferred on the 
second restriction sites, with cognate restriction enzymes. 

(8) If fluorescence labeled primers are used in step (5), products may be directly 
subjected to a detection system, for example running an electrophoresis gel. 

(9) If non-labeled primers are used in step (5), digested products are extended by a DNA 
polymerase in the presence of labeled terminator nucleotides. This step requires that in 
step (7) restriction digestion leaves digested DNA with 5' protruding ends. 

(10) Denaturing the extended double stranded products, running the DNA on gel or 
capillary electrophoresis. 

(11) Analyzing data, preferably analyzing the data with aid of a computer software. 
I. Materials 

A. Target Sequences 
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The target sequence, which is the object of amplification and detection, can be any 
nucleic acid. The target sequence can be RNA, cDNA, genomic DNA, DNA 
contaminated by disease-causing microorganism and virus. The target sequence can also 
be DNA treated by chemical reagents, various enzymes and physical exposure. One 
example for detecting DNA methylation pattern is to treat DNA with methylation 
sensitive or resistant restriction endonuclease or treat DNA with sodium bisulfite which 
converts unmethylated cytosines to uracil 

B. Primers 

Primers for use in the disclosed methods are oligonucleotides comprising 3' sequences 
complementary to target sequences. This part of primer is referred to as complementary 
portion. The complementary portion of a primer can be any length that supports specific 
and stable hybridization between the primer and target sequence. Generally this is 9 to 40 
nucleotides long, but is preferably 1 5 to 25 nucleotides long. It is preferred that 
complementary portion sequences of multiple primers used in reactions of primer 
extension or amplification are designed such that they have similar melting temperatures. 

Primers also comprise additional sequences at the 5 'ends of primers that are not 
complementary to target sequences. This sequence is referred to as non-complementary 
portion. The non-complementary portion of primer comprises sequence elements that are 
useful for various embodiments of the invention. Firstly, common restriction sites can be 
incorporated into the non-complementary portions of primers and are used for digesting 
and joining nucleic acid fragments amplified. Secondly, unique sequences or specific 
restriction sites in the non-complementary portions can serve as detection markers for 
distinguishing different alleles, different genes or any targets of interest Thirdly, the non- 
complementary portion of primer can facilitate amplification. A primer having a 
sequence identical or homologous to the non-complementary portions of target specific 
primers in a set of primers is referred to as universal primer. The universal primer can be 
used in amplification after the target specific primers have been incorporated into an 
amplification product Another advantage of using universal primer is that the universal 
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primer can be the only primer that is labeled by expensive fluorescence dyes, capture 
moiety etc. which obviates the need to label every target-specific primers, thereby 
facilitating and simplifying detection and purification processes. For ail theses purpose, a 
length of 10 to 50 nucleotides for the non-complementary portion is preferred, with the 
portion 15 to 35 nucleotides long being most preferred. The non-complementary portion 
can have any desired sequence. In general, the sequence of the non-complementary 
portions can be chosen such that it is not significantly similar to any sequence in target 
nucleic acids. 

For each target sequence to be detected, there is generally a pair of target specific primers 
which comprises one reverse primer and one forward primer. If methods of the invention 
are used for amplification and detection of target sequences with mutations or SNPs and 
both alleles are desired to be detected in reactions, two allele-specific forward primers 
along with a common non-discriminatory reverse primer can be included in the reactions. 
The allele-specific primers differ in their 3 'ends which are complementary to either allele 
at a variable nucleotide site. Any additional mismatched nucleotide, which is known in 
the art to increase the specificity during polymerization, can be incorporated near 3' end 
of allele specific primers (Gibbs et al, 1989). 

In most embodiments of the invention, primer sequences or target sequence to be 
amplified should comprise at least one restriction enzyme site. This restriction site can be 
the same restriction site for all targets. This common restriction site is referred to as first 
restriction site and is used for digesting and joining initial primer extension or 
amplification products. In some embodiments the first restriction site can be incorporated 
into either complementary portion or non-complementary portion of primers (FIG. 3 and 
FIG. 4), and preferably into non-complementary portion (FIG. 2). 

The present invention also provides an oligonucleotide primer for the detection of a target 
nucleic acid sequence. The 5' non-complementary portion of the primer comprises at 
least one restriction enzyme site, which acts as detection marker in a process of detecting 
the target nucleic acid sequence. A detection signal generated from enzymatic 
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manipulation on the restriction site in a reaction product is indicative of the presence of 
the target nucleic acid sequence. The restriction site can be designed to be allele-specific, 
gene-specific or SNP-specific. 

In one embodiment of the invention (FIG. 2 and FIG. 6), allele-specific restriction site is 
incorporated into 5* region of or preferably immediately adjacent to complementary 
portion of allele-specific forward primer. If a common first restriction site is present, the 
allele-specific restriction site is referred to as second restriction site. The first restriction 
site is located 5' of the second restriction site. A sequence linking the two restriction sites 
can be any sequence and can have any length. The allele-specific restriction site for a 
SNP may be designed such that one restriction site (for example Msp I) is incoiporated 
into one allele-specific primer containing a 3' end allelic nucleotide, whereas another 
restriction site (for example Dpn D) is incorporated into another allele-specific primer 
containing another 3' end allelic nucleotide. In this way, the sequences of two allele- 
specific primers differ in their 3' end allelic nucleotides and the second restriction sites. 
The second restriction sites are useful for detection of particular allele or SNPs. 
Alternatively, if the same second restriction enzyme site (for example Dpn II recognition 
sequence) is incorporated into the non-complementary portions of both allele-specific 
primers, the locations of second restriction sites can be different by several bases, 
preferably 1 to 9 bases. In this way, flie two allele-specific primers differ in the locations 
of second restriction sites that result in length difference of final amplification products 
digested on the second restriction sites. In this embodiment, the non-complementary 
portions of two allele-specific primers for one target sequence have the same sequences 
except for the second restriction sites which are allele-specific. 

In another embodiment of the invention, for genotyping and detecting multiple mutations 
or SNPs (FIG. 3), two different tailed allele-specific forward primers are used to analyze 
each variant The complementary portions of the allele-specific forward primers have 
unique nucleotides at the 3' ends or near 3'ends, which are complementary to the 
mutation or SNP nucleotides. The sequences of non-complementary portions of the two 
allele-specific forward primers are different, for example, one allele-specific primer 
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having 17 promoter sequence and another allele-specific primer having T3 promoter 
sequence. The reverse primers comprise restriction enzyme sites either in the 
complementary portions or in the non-complementary portions, preferably in the non- 
complementary portions. Alternatively, if the primers do not comprise restriction sites, 
internal restriction sites on the target sequences can be used. It is preferred that these 
restriction sites are the same first restriction sites for all targets. It is further preferred that 
only one common restriction site is chosen or designed for each target 

In certain embodiments, primers can include one or more moieties incorporated into 5' 
terminus or internally of primers that allow for the affinity separation of part of products 
associated with the label from unassociated part Preferred capture moieties are those that 
can interact specifically with a cognate ligand. For example, capture moiety can include 
biotin, digoxigenin etc. Other examples of capture groups include ligands, receptors, 
antibodies, haptens, enzymes, chemical groups recognizable by antibodies or aptamers. 
The capture moieties can be immobilized on any desired substrate. Examples of desired 
substrates include, e.g., particles, beads, magnetic beads, optically trapped beads, 
microtiter plates, glass slides, papers, test strips, gels, other matrices, nitrocellulose, 
nylon. For example, when the capture moiety is biotin, the substrate can include 
streptavidin coated beads. Either reverse primers or forward primers in a set of multiple 
primers can be tagged by a capture moiety. More preferably, an universal primer having 
sequence identical or homologous to the non-complementary portion of either reverse 
primers or forward primers is tagged by a capture moiety 

The term "a set of multiple primers" as used herein refers to a plurality of target specific 
primers and universal primers used in conjunction with each other, wherein each forward 
or reverse primers in the set has a functionally similar complementary portion and non- 
complementary portions, e.g., all of the complementary portions of primers have similar 
melting temperatures when hybridized to their targets; all of the non-complementaiy 
portions of forward primes or reverse primers have essentially the same sequence- 
specific hybridization properties to one or more universal primers and may comprise 
common restriction sites. However, the target complementary portion sequences and the 
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allele-specific second restriction sites are different from one another in the set of multiple 
primers. 

A set of multiple primers can include any desired number of target specific primers. It is 
preferred that a set of primers includes three or more primers. It is more preferred that a 
set of primers include 10 to 2000 primers. It is still more preferred that a set of primers 
include 30 to 800 primers. In general, the more primers used, the greater the level of 
amplification and detection that will be obtained. There is no fundamental upper limit to 
the number of primers that a set of primers can have. However, for a given detection 
system, the number of primers in a set of primers will generally be limited to the capacity 
of detection system. For ©cample, if the detection system is a sequencing gel 
electrophoresis, it usually can separate 400 to 700 fragments. If the detection system is 
microarray, it can detect up tol0,000 target sequences. 

In some embodiments of the invention, a set or several sets of nested primers are used in 
amplification. Nested primers for use in the amplification are oligonucleotides having 
sequence complementary to a region on a target sequence between reverse and forward 
primer targeting sites. The complementary portion of a nested primer can be any length 
that supports specific and stable hybridization between the primer and the target 
sequence. It is preferred that primers also contain additional sequence at the 5' end of the 
nested primer that is not complementary to the target sequence (non-complementary 
portion). 

If detection systems which measure molecular weight of amplified products such as 
electrophoresis are used, each primer pair in a set of multiple primers is designed so that 
each amplified product or the amplified product after digestion on restriction sites has 
distinct length for each target In other words, the set of reverse primers, forward primers, 
nested primers and restriction sites are designed such that the amplified multiple 
products, when cut into fragments, are distinguishable by their sizes and/or labels. 
Fragment sizes may range from 20 to 2000 bases, allowing rapid detection by size on a 
number of known analytical systems. Detection of the fragments indicates the presence of 
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the target sequence of interest. Preferably a fragment size ladder is included with the 
separation and detection of digested fragments to help identify the presence or absence of 
generated fragments. The fragments may be labeled by detection labels. 

C. Detection labels 

To aid in detection and quantification of nuclei acids amplified using the disclosed 
methods, detection labels can be directly incorporated into amplified nucleic acids or can 
be extended by DNA polymerase on restriction digested products. As used herein, a 
detection label is any molecule that can be associated or added to amplified nucleic acid, 
directly or indirectly, and which results in a measurable, detectable signal, either directly 
or indirectly. Many such labels for incorporation into nucleic acids or coupling to nucleic 
acid probes are known to those of skill in the art Examples of detection labels suitable 
for use in the disclosed method are radioactive isotopes, fluorescent molecules, 
phosphorescent molecules, enzymes, antibodies, and ligands. 

In some embodiments of the invention, labeled nucleotide terminators are a preferred 
form of detection label since they can be directly incorporated into the digested 
amplification product in a polymerase extension. Another preferred form of detection 
label is labeled primer. 

Methods for detecting and measuring signals generated by detection labels are also 
known to those of skill in the art For example, the labeled fragments can be separated 
and detected by sequencing gel electrophoresis. The labeled fragments can be also 
detected in a microarray by hybridization. 

D. Restriction enzymes, DNA polymerases and DNA ligases 

The disclosed methods make the use of restriction enzymes (also referred to as restriction 
endonucleases) for cleaving nucleic acids. Other nucleic acid cleaving reagents also can 
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be used. Preferred nucleic acid cleaving reagents are those that cleave nuclei acid 
molecules in a sequence-specific manner. 

Many restriction enzymes are known and can be used with the disclosed methods. 
Restriction enzymes generally have a recognition sequence and a cleavage site. 
Restriction enzyme digestion generates protruding ends or blunt ends at the cleavage site. 
For specific embodiments of the invention, restriction enzyme will cut amplified products 
at least once. The cutting sites are within a region between reverse and forward primer 
targeting sites, or are located on primer sequences. It is preferred that restriction enzymes 
generate 5' protruding ends, if labeled nucleotide terminator and extension with a DNA 
polymerase are used in the detection process. 

Any DNA polymerase can be used with the disclosed methods. If a thermo-cycle 
condition is required in the amplification, a thermostable DNA polymerase is preferred. 
In the detection process, for extending one or more labeled nucleotides both thermostable 
and non-thermostable DNA polymerase can be used. The preferred DNA polymerases are 
those routinely used in ordinary laboratories, for example, Taq DNA polymerase, Klenow 
fragment of DNA polymerase I, Sequenase etc. 

Suitable ligases used with the disclosed methods would include E.coli DNA ligase, T4 
DNA ligase, Taq DNA ligase and AMPLIGASE®. T4 DNA ligase is the preferred ligase 
in most of embodiments. Most ligases require the presence of either ATP or NAD as an 
energy source. In addition, many ligases require a certain concentration ofMg 4 *. 

H Method 

In a multiplex assay, it is desirable that quantitative measurements of different targets 
accurately reflect the true ratio of the target sequences. However, conventional multiplex 
PCR amplification methods inevitably introduce biases; the yields of final product do not 
proportionally represent the amount of target sequences in a sample. That is mainly 
because a relatively small difference in yield in one cycle of amplification results in a 
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large difference in amplification yield after many cycles. The present invention is 
designed to overcome this limitatioa It is based on the following principles. First, at least 
one restriction site is designed to be included in the initial primer extension or 
amplification products. Second, primer extension or amplification with a small number of 
cycles is carried out using a set of multiple primers that may anneal to multiple target 
sequences and prime amplification. It is desirable that this primer extension or 
amplification step yields a small amount of products from every target sequences, and 
either does not introduce any bias or minimizes the bias. It is further desirable that the 
cycle number of this initial amplification used is as low as possible, but high enough to 
ensure that it yields adequate products for next steps. Third, restriction digestion and 
ligation of the initial amplification products allow reorganization of nucleic acid 
fragments and create many new species of randomly joined nucleic acid products. The 
amplification of randomly joined nucleic acid products keeps the balance of overall 
yields of products from multiple original targets. Fourth, the amplified products may be 
re-cleaved by restriction enzymes, labeled and detected by various methods. 

The present invention enables the multiple amplification and detection reactions to be 
used for the high throughput analysis of nucleic acid sequence. In these methods a 
number of genetic variants or expressed gene or any specific sequences may be 
quantitatively assayed. The detailed steps of the methods are as follows. 

1. Provide a set or sets of multiple primers with target nucleic acid in reactions or 
separate reactions of primer extension or amplification 

The initial reactions can be either primer extension which is performed at least once, 
preferably more than once or amplification which is performed once or more than once 
each with a small number of cycles. Because the initial reactions is carried out with no 
cycles (primer extension) or with small number of cycles (amplification), a small amount 
of reaction products from every target sequences may be generated without introducing 
bias or with minimum bias. 
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In addition, the conditions of initial reactions also eliminate or minimize non-specific 
priming and amplification, whereby a better allelic differentiation can be achieved. In 
some embodiments of the invention, for amplification and detection of multiple 
mutations or SNPs, allele-specific primers are used to prime allele-specific extension. 
Mismatches at the 3 5 end of a primer hinder extension of the primer during amplification. 
In conventional allele-specific PGR, mismatch discrimination was poor and was highly 
dependent on reaction conditions. The self-propagating nature of the mismatched 
extension in the conventional PGR has hindered development of robust high-throughput 
assays, and multiplexing of the reaction has been achieved only after extensive 
optimization of the reaction conditions (Ferrie et al. 1992). The present invention is 
designed to overcome the limitation of conventional PCR, whereby providing a robust 
high-throughput multiplex assays without the need of extensive optimization of the 
reaction conditions. The self-propagating nature of the mismatch extension which occurs 
in the conventional PCR is eliminated or minimized in the methods of the invention by 
carrying out initial allele-specific primer extension or amplification for a number of 
cycles which is kept as low as possible. Because of the low number of cycles, a primer 
extension product or an amplification product is created only when there is a perfect 
match between the allele-specific primers and a target sequence. The mismatched 
extension either does not occur or is not propagated, and a subsequent amplification does 
not inherit the mismatched extension. 

In some embodiments of the invention, forward primers or reverse primers or universal 
primers can comprises one or more capture moieties that permit affinity separation of the 
moiety-associated part from unassociated part of cleavage products. The primers can 
comprise, but not necessarily be limited to biotin, which permits affinity separation via 
binding to streptavidin attached to a solid support For example, in FIG. 2, forward 
primers are tagged by biotin, whereas in FIG. 3 and 4 reverse primers are tagged by 
biotin. In these examples of methods, every forward or reverse primer in a set of multiple 
primers is tagged by a capture moiety. Alternatively, the target specific primers in a set of 
multiple primers do not need to be tagged by capture moieties, but universal primers 
having sequences identical or homologous to the non-complementary portions of forward 
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or reverse primers are tagged by capture moieties. The universal primers tagged by 
capture moieties are incorporated into the initial amplification products. Any means of 
incorporating universal primers into amplification products that is known to those skilled 
in the art can be used. For example, the universal primers can be mixed with the set of 
multiple primes in the first amplification step or can be added to the reaction at any cycle 
of the first amplification. Alternatively, or it is preferred that the methods described in 
Examples (FIG. 6, 7, and 10) are used. The first amplification comprises two steps. In the 
first step, an amplification for a few cycles (9 cycles in FIG. 7 and 7 cycles in FIG. 10) is 
carried out using a primer mixture of forward and reverse primer (F-R primer mix) or 
using a primer mixture of forward and nested reverse primer (F-RM). In the second step, 
after purification of the first step product, further amplification for 9 or 7 cycles is carried 
out using a primer mixture of forward universal primer and nested reverse primers 
(M13F-RM). This second step is used to incorporate universal primer with capture 
moiety. 

In yet another embodiment of the invention, the first amplification can be replaced by 
primer extensions. Primer extension can be performed either on DNA template or on 
RNA template. Here is an example using RNA template for first primer extension (FIG. 
5). RNA targets are reverse transcribed into single stranded cDNAs with a set of target 
specific reverse primers, random primers, or oligo dT primers. The single stranded 
cDNAs are converted to double stranded cDNA with a set of target specific forward 
primer or random primers, which may be tagged by capture moieties. The double 
stranded cDNAs are subjected to the immediate next step of immobilization and 
restriction digestioa Alternatively, the double stranded cDNA may be amplified for a 
few cycles. 

Thus, the initial reactions of primer extension or amplification are carried out once or 
more than once each for 1 to 30 cycles, or preferably 3 to 15 cycles. This initial primer 
extension or amplification reactions enable nucleic acid products derived from multiple 
targets to be created or amplified to a certain amount without introducing bias. It is 
preferred that the initial primer extension or amplification is carried out under standard 
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conditions. It is more preferred that the initial primer extension or amplification is carried 
out under modified conditions. For example, a modified condition can be the use of 
modified buffer. Some modified buffers are commercially available, such as PCR buffers 
from Roche, Qiagen, Promega. Other modified conditions include, but not limited to, the 
use of low annealing temperature, long annealing time, and low concentration of each 
target specific primer in a set of multiple primers. In general, the low annealing 
temperature can be in a range from 5 degree C to 20 degree C lower than the actual Tm 
of complementary portions of target specific primers. The long annealing time can be 
more than 1 minute, preferably more than 2 minutes, most preferably more than 3 
minutes. The low concentration of each target specific primer in a set of multiple primers 
is dependant on a certain circumstances of a particular experiment, generally the 
concentration of each primer in the initial reaction is lower than 50nM, preferably lower 
than 1 0 nM, still preferably lower than 5 riM 

2. Purification, immobilization, restriction digestion and ligation 

The products from primer extension or amplification can be purified by any method 
known in the art Restriction digestion of these products is carried out by incubating 
DNA wilh appropriate restriction enzyme under optimal conditions. In preferred 
embodiments, wherein primers tagged with capture moieties that permit affinity 
separation are incorporated into the products, purifications before and after restriction 
digestion can be coupled with immobilization. If the capture moiety is biotin, the DNA 
products are immobilized via binding of the biotin to streptavidin which is attached to a 
solid support, one example of which is streptavidin coated beads. Following several 
washes, the immobilized DNA is incubated with appropriate restriction enzyme under 
optimal condition for the restriction digestion. The desired digested part, usually the 
supernatant DNA, is precipitated by any method know in the art Usually, a carrier tRNA 
or glycogen is added to facilitate DNA precipitation. If joining products from separate 
reactions is desired, before precipitation the digested products from separate reactions are 
mixed. The precipitated DNA is resolved in a ligation solution containing all necessary 
agents such as buffer, ATP (or NAD) and DNA ligase, the solution is incubated for 
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several hours under optimal temperature for the ligase. Any DNAligase can be used, T4 
DNA Hgase is a preferred enzyme. 

In one embodiment of the invention, allele-specific forward primers comprise allele- 
specific restriction sites (the second restriction site), for example, Msp I sequence 
(CCGG) is associated with C allele; Dpn II sequence (GATC) is associated with T allele 
(FIG. 2, FIG. 6). Nucleic acid products from initial reactions of primer extension or 
amplification may be digested at the second restriction sites, and serve as ligation 
template for the ligation step. However, it is preferred that the common first restriction 
sites, herein for example EcoR I site (GAATTC) is incorporated into primers, are used 
for digesting and joining the initial amplification products. 

3. Final amplification 

The final amplification is carried out using the ligated products as template for 2 to 50 
cycles, more preferably 10 to 40 cycles. In this amplification the primers used may be 
target specific primes used in the first amplification. Alternatively, nested primers and 
preferably the nested primers tailed by universal sequences can be used. Using nested 
primers may eliminate nonspecific amplification. It is most preferred that the final 
amplification is carried out using one or more universal primers having sequences 
identical or homologous to the non-complementary portions of multiple target specific 
primers. 

4. Detection 

Following the final amplification, the amplified sequences can be detected and quantified 
using any of the conventional detection systems for nucleic acids such as detection of 
fluorescent labels, enzyme-linked detection systems, antibody-mediated label detection, 
and detection of radioactive labels. The high throughput microarray detection system may 
also be useful. It is preferred that systems that can separate and detect DNA fragments of 
different sizes are used. Since the amplified product is directly proportional to the amount 
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of target sequence present in a sample, quantitative measurements reliably represent the 
amount of a target sequence in a sample. 

One of preferred detection systems is electrophoresis, which may be gel or capillary 
electrophoresis and can be a DNA sequencer. Before loading to electrophoresis detection 
system, it is desirable that dNTP, primers and single stranded DNA from the final 
amplification products are eliminated. This elimination may be carried out by any 
method, one example of which is incubation with shrimp alkaline phosphatase and 
exonuclease I. 

After eliminating dNTP, primers and single stranded DNA, and subsequent purification, 
the DNA products can be digested using first or second restriction enzymes. If both first 
and second restriction sites are incorporated into the amplification products, it is desirable 
that the amplification products are digested with second restriction enzymes on second 
restriction sites. After digestion, it is preferred that dye labeled ddNTP terminators are 
incorporated into the sticky ends of restriction digested fragments. This is achieved by 
one nucleotide extension in the presence of dye labeled nucleotide terminators and DNA 
polymerase. It is desirable that the labeled product is denatured before loading into 
electrophoresis system. 

In one embodiment of the invention, to facilitate detection of allelic differences allele- 
specific forward primers comprise allele-specific restriction sites (the second restriction 
site), for example, Msp I sequence (CCGG) is associated with C allele; Dpn II sequence 
(GATC) is associated with T allele (FIG. 2, FIG. 6). The allele-specific restriction sites 
function as allele-specific markers in a detection process. In a preferred method for the 
detection process, the final amplified products are cleaved with two second restriction 
enzymes (Msp I and Dpn II in FIG. 2, FIG. 6, FIG. 7 and FIG. 9) on the second 
restriction sites. The 3' ends of digested products are extended by a DNA polymerase in 
the presence of at least two different dye labeled nucleotide terminators, herein for 
example green dye labeled ddCTP and red dye labeled ddGTP. Thus, the C allele product 
if present is labeled in green, whereas the T allele if present is labeled in red. Following a 
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gel or capillary electrophoresis, two alleles are distinguished by the different fluorescence 
labels. It is also possible that the same restriction sequences, for example Dpn II site, are 
incorporated into the second restriction sites for both allele-specific forward primers, but 
their locations are shifted by several bases, preferably 1 to 9 bases. In this way, in the 
detection process the final amplification products are cleaved with the second restriction 
enzyme Dpn n. The 3' ends of digested products are extended by a DNA polymerase in 
the presence of at least one dye labeled nucleotide terminators, herein for example green 
ddCTP or red ddGTP. Thus, both C allele and T allele products (if both are present) are 
labeled with the same fluorescence either green or red. Following electrophoresis, two 
alleles are distinguished by different sizes of products. ' 

The digested products produce a range of fragment sizes. The presence of any fragment 
of a particular length will indicate that a target sequence (a mutation, SNP, a gene etc) is 
present in a sample, since the size of any one fragment is unique to one specific target. 
The intensity of signal of any fiagment of a particular length will indicate the amount of 
target sequence present in a sample. 

Apart from electrophoresis detection systems, a number of other systems are available for 
the separation and detection of DNA fragments of different sizes. For example, high 
performance liquid chromatography and mass spectrometry are two known methods to 
separate compounds of differing lengths by size. 

Apart from using dye labeled terminator in detection fragments, the detection fragments 
may be directly stained or labeled with radioactive labels, antibodies, luminescent dyes, 
fluorescent dyes, or enzyme reagents. Fluorescent dye is preferred. The detection 
fragment may be labeled by the fluorescent dye by using a direct DNA stain, by 
incorporation of a labeled nucleotide into the DNA during synthesis of the amplified 
DNA, or by using a labeled primer. Preferably the fluorescent dye label has an excitation 
and emission wavelength such that the dye may be excited at one wavelength and 
detected at a second wavelength. In addition, the dye should be detectable in the presence 
of other dyes. 
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A kit for use in the analysis and detection of multiple targets in a polynucleotide 
comprises: a set or sets of multiple primers, universal primers, restriction enzymes, DNA 
ligase, DNA polymerase, ddNTP, buffers for all enzymes, dNTPs, and/or other optional 
reagents and instructions. 

Unless defined otherwise, all technical and scientific terms used herein have the same 
meanings as commonly understood by one of skill in the art to which the disclosed 
invention belongs. Although any methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, the 
preferred methods, devices, and materials are as described. All publication cited herein 
are hereby incorporated by reference. 

Those skilled in the art will recognize, or be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodiments of the invention 
described herein. 

EXAMPLE 1 

Multiplex detection of SNPs (FIG. 6, FIG. 7 and FIG. 8) 

All primers used in the subsequent experiments were synthesised by GENSET Biotech. 
Pte Ltd. Two universal primers M13F and M13R were designed, M13F was tagged with 
biotin. Two allele-specific forward primers were designed for each target. The forward 
primers comprise 3' end complementary portion and 5' end non-complementary portions 
which comprise a common first restriction site (EcoRI) and allele-specific second 
restriction sites (Dpnll and Msp I) that are specific for each allele. Two reverse primers 
were designed for each target; the nested reverse primers comprise complementary 
portion and non-complementary portion. 

TABLE 1 



PRIMER CODE 



SEQUENCE 5' - 3' 
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KL3F 5' Biotin-AAAAGTAAAACGACGGCGAGAATTC 

M13R GC GGAAACAGCTAT GACCAT G 

F1C GTAAAACGACGGCGAGAATTCTCTCCGGAGTTCATATTCTATGAGGTATCAC 

FIT GTAAAACGACGGCGAGAATTCGACGATCGAGTTCATATTCTATGAGGTATCAT 

RM1 GC GGAAACAGCTAT GACCAT GGAATGAGGACAGCCATAGAGAC 

Rl CTGTAGGTGTGGCTTGTTGGGA 

F2G GTAAAACGACGGCGAGAATT CT CTCC GGCT GAAAGGAAGACT CAGAGG 

F2C GTAAAAC GACGGCGAGAATT C GACGATCGCT GAAAGGAAGACT CAGAGC 

RM2 GC GGAAACAGCTAT GACCAT GCCTGGACAGTTACT CACAG 

R2 CCTGATTAGCACCCCAAGTC 

F3T GTAAAACGACGGCGAGAATTCTCTCCGGACTTCTGGTTTGCTCTTT 

F3C GTAAAACGACGGCGAGAATT CGACGATCGGACTTCTGGTTT GCT CTT C 

RM3 GC GGAAACAGCTAT GACCAT GCAGAGCTCAGGAGGAGTTAATG 

R3 ATAAAT GT CACTGTTAGAGC CAT CAA 

F4A GTAAAACGACGGCGAGAATT CT CTCCGGCATT GGAAGAACACCCAAGCAA 

F4C GTAAAACGACGGCGAGAATT CGACGAT CATT GGAAGAACAC CCAAGC AC 

RM4 GC GGAAACAGCTAT GACCAT GGACAG CCT GTC CACTCATGC 

R4 CTTGCATCACT GAGTCCCTG 

F5T GTAAAACGACGGCGAGAATT CT CTCC GGCT GAGGCAAACTT GAGGTTCT 

F5C GTAAAACGACGGCGAGAATT CGACGATCT GAGGCAAACTT GAGGTTCC 

RMS GCGGAAAGAGCTAT GACCAT GGGAAATGCTTT GTC CTT CCGTA 

R5 AGGGCCCACACCTCTGCCTT 

F6C GTAAAACGACGGCGAGAATT CT CTCC GGT GTTATTT CTAT CTGATTT CTT GAAC 

F6G GTA?\AACGACGGCGAGAATTCGACGATCGTGTTATTTCTATCTGATTTCTTGAAG 

RM6 GC GGAAACAGCTAT GAC CAT GGCTAGGGT CT CTTAGGATAAC 

R6 CAATGCCCTAATCTCTTTGCCTT 

F7T GTAAAACGACGGCGAGAATT CTCTCCGGC CAGGT GTCACTGAAGATT GTAT 

F7 C GTAAAACGACGGCGAGAATT CGAC GATCCAGGTGT CACTGAAGATT GTAC 

RM7 GC GGAAACAGCTAT GACCAT GCTTTTCCCTGGTCCTAACTGC 

R7 GTGTTGCCTGAGTCACCAGTG 

F8 C GTAAAACGACGGCGAGAATTCTCTCCGGCATAATCACAATGCTATTATTATGC 

F8T GTAAAAC GACGGC GAGAATT C CAT GAT CACAAT GC TAT TAT TAT GT 

RM8 GC GGAAACAGCTAT GACCAT GAT TCTTTGAAGATTAGACGCATG 

R8 CTTTGTCTATCTGTTGCACTAACCTAT 

F9A GTAAAACGACGGCGAGAATT CTCTCCGGTAACATACAACTGAAGCCA 

F9C GTAAAACGACGGCGAGAATTCGACGATCGTAACATACAACTGAAGCCC 

RM9 GC GGAAACAGCTAT GAC CAT GCAGTTTGT CCT CAT CCTACTT G 

R9 CAGGCAGGCTGTTT CCACAT GA 

F10A GTAAAACGACGGCGAGAATT CTCTCC GGACTAGCAGAT TCACGGTTGAA 

F10G GTAAAACGACGGCGAGAATT CGACGAT CGACTAGCAGATT CACGGTT GAG 

RM10 GC GGAAACAGCTAT GACCAT GGAAGAAGAAAGGCTGATGGC 

RIO GCAACT CATCT TTGATGGGT CAT G 



Human genomic DNA samples were prepared by standard extraction from blood cells 
using the method of Kunkel L. M, Smith K. D., and Boyer S. H., 1977, Proa Natl. Acad 
Set USA, 74, 1245-49. Primers were diluted and final concentration of primers are as 
follows: M13R, 5 .mu.M; M13F, 5 .mu.M; Each of Forward (F) primers, 3p.mu.lVt Each 
of reverse M (RM) primers, 30 .mu.M. Primer mix F-RM was made by mixing equal 
amount of each F primers and RM primers. Primer mix RM was made by mixing equal 
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amount of each RM primers. Singleplex PCR were performed on each pair of primer 
which showed that the primer pairs for SNP 7 and 8 failed. 

First Amplifications: 

(1) Perform amplification using the following ingredients and conditions: 10XPCR 
Buffer 5 .mu.l, 10 mM dNTPs 1-2.5 mu.1, F-RM primer 6 .mu.1, Water 34 .mu.l, Taq 
polymerase (5 UAmu.l) 1 .mu.l, Human genomic DNA2 .mu.l (100ng-500ng). 10XPCR 
buffer used are either standard buffer containing 500 mM KC1, 100 mM Tris-HCl pH 8.3, 
15 mMMgCl.sub.2, 1% gelatin, or buffers accompanied with kits provided by 
manufactures Promega or Roche (Expand long PCR kit). Reactions were carried out at 94 
Cforl min;2cycles of30 sec at 93 C, 9secat60 C, 3 minat51 C, 1 minat50C, 1 min 
at 49 C, 2 min at 66 C, and 5 cycles of 30 sec at 93 C, 9 sec at 66 C, 3 min at 51 C, 1 min 
at 50 C, 1 min at 49 C, 2 min at 66 C, followed by a final extension step at 68 C for 6 
min. Reactions were also carried out using a simple cycle condition which gave similar 
result: 94 C for 1 min; 7-9 cycles of 30 sec at 93 C, 3 min at 51 C, 2 min at 68 C, 
followed by a final extension step at 68 C for 6 min. 

(2) Purify the above product using Qiagen PCR purification kit according the 
manufacture's protocol. Elute the DNAin 40 ,mu.l of elution buffer. 

(3) Perform reaction using the following ingredients and conditions: 1 OxPCR Buffer 5 
.mu.1, 10 mM dNTPs 1-2.5 .mu.1, RM primer 3 .mu.1, M13F primer 3 .mal, Taq 
polymerase (5 U/.mu.l) 1 .mu.1, Eluted DNA 36 .mu.1. Reactions were carried out at 94 
C for 1 min; 7-9 cycles of 3 min at 51 C, 2 min at 68 C, followed by a final extension step 
at 68 C for 6 min. 

(4) Binding biotinylated DNA onto magnetic beads. Add 50 .mal Dynabead M-28- 
Steptavidin slurry to a tube. Use magnet to immobilize beads and remove supernatant 
Wash beads once. Add 100 .mu.1 2X B+W to the tube, 50 .mu.l water and 50 .mu.1 
amplification products to the tube. Incubate 15 minutes at room temperature. Mix 
intermittently. Wash three times, removing the wash each time. Wash twice with IX 
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restriction enzyme buffer. Resuspend beads in 150 .mu.l IX restriction enzyme buffer. 
Proceed immediately to step 5 below. 

(5) Restriction digestion, precipitation, and ligation. Divide beads into three parts, each 
part has 50 .mu.l of beads. Add 2 .mu.l EcoR I (20 units), or 2 .mu.l Msp I (20 units) or 2 
.mu.l Dpn II (20 units) into each part of the beads. Incubate at 37 degree C for 2 hours. 
Gently mixing intermittently. Magnet, collect supernatant. Heat to inactivate restriction 
enzymes at 66 degree C for 15 min. Ethanol precipitate: mix 50 .mu.l sample, 1 .mu.l 
glycogen, 30.mu.l NH40AC (7.5M), 240 .mu.1 ethanol. Spin for 30 min at 4 degree C. 
Wash once with 70 % ethanol, centrifuge and remove ethanol. Resuspend DNA in 5 .mu.l 
of ligation mixture containing 0.5 .mu.l 10X ligation buffer, 0.5 .mu.1 T4 DNAligase, 4 
.mu.l water. Incubate overnight at 16 degree C. Add 25 .mu.l of water to ligation mixture 
and proceed to amplification below, or store at -20 degree C. 

Final Amplification 

(6) Mix the following components in each of three tubes: 10XPCR Buffer 5 .mu.1, 10 
mM dNTPs 1-2.5 .mu.1, M13R primer 9 .mu.1, Ligated DNA 15 .mu.1, Taq polymerase (5 
U/.mu.l) 1 .mu.1, Water 27 .mu.l. Reactions were carried out at 94 C for 1 min; 2 cycles 
of 20 sec at 93 C, 45 sec at 54 C, 1 min at 68 C; 2 cycles of 20 sec at 93 C, 45 sec at 52 
C, 1 min at 68 C; 36 cycles of 20 sec at 93 C, 45 sec at 50 C, 1 min at 68 C, followed by a 
final extension step at 68 C for 6 min. 

(7) Restriction digestion. Take 1 8 .mu.l of amplification product from each of three tubes, 
add 1.5 .mu.l restriction buffer, add 2 .mu.1 EcoR 1, 2 .mu.1 Msp 1, 2 .mu.1 Dpn II to 
corresponding tubes with an appropriate restriction digestion in step 5. Incubate at 37 
degree C for 2 hours. Electrophoresis separates the digestion products. 

Result: The result is shown in FIG. 8. All working primer pairs for 8 SNPs give clear 
either heterozygous or homozygous patterns. The EcoR I lane reveals all 8 fragments; the 
Msp I lane reveals fragments corresponding alleles that are produced with Msp I tagged 
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allele-specific primers; the Dpn H lane reveals fragments corresponding other alleles that 
are produced with Dpn II I tagged allele-specific primers. The SNP 4 in lane Dpn II has a 
fragment shorter than its corresponding fragment in lane EcoR I, because of internal Dpn 
II site in the amplified fragment. 

EXAMPLE 2 

Multiplex amplification of 70 fragments comprising SNPs (FIG. 10 and FIG. 1 1) 

Two universal primers Ml 3F and Ml 3R were designed, Ml 3F was tagged with biotin. 
One forward and two reverse primers were designed for each target The forward primers 
comprise 3' end complementary portion and 5' end non-complementary portions which 
comprise a common first restriction site (EcoRI). Two reverse primers were designed for 
each target; the nested reverse primers comprise complementary portion and non- 
complementary portion (FIG. 10). Primers were diluted as follows: M13R, 5 .mu.M; 
M13F, 5 .mu.M; Each of forward (F) primers, 3Q.mu.M; Each of reverse M (RM) 
primers, 30 .mu.M; Each of reverse (R) primers, 30 .mu.M. Primer mix F-RM was made 
by mixing equal amount of each F primers and RM primers. Primer mix RM was made 
by mixing equal amount of each RM primers. Primer mix R was made by mixing equal 
amount of each R primers. Singleplex PCR were performed on each pair of primer which 
showed that 3 primer pairs were not working. All singleplex PCR products were mixed 
together to serve as a control in running gels. 

First Amplifications 

(1) Two amplification reactions were perfomaed using the following ingredients: F-R 
reaction: lOxPCR Buffer 5 .mu.1, 10 mM dNTPs 1-2.5 .mu.l, F-R primer 6 .mu.l, H20 34 
.mu.1, Taq polymerase (5 U/.muJ) 1 .mu.1, and Human genomic DNA2 .mu.l (lOOng- 
500ng). F-RM reaction: lOxPCR Buffer 5 .mu.1, 10 mM dNTPs 1-2.5 .mu.l, F-RM 
primer 6 .mu.1, H20 34 .mu.1, Taq polymerase (5 U/.mu.l), 1 .mu.1, and Human genomic 
DNA, 2 .mu.1 (100ng-500ng). lOxPCR buffer used are either standard buffer containing 
500mMKCl, 100 mMTris-HCl pH 8.3, 15 mMMgCl. sub. 2, 1% gelatin, or buffers 
accompanied with kits provided by manu&ctures Promega or Roche (Expand long PCR 
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kit). Reactions were carried out at 94 C for 1 min; 7 cycles of 30 sec at 93 C, 3 min at 51 
C, 2 min at 68 C, followed by a final extension step at 68 C for 6 min. Purify the 
amplification products using Qiagen PGR purification kit according the manufacture's 
protocol. Elute the DNA in 40 .mu.1 of elution buffer. 

(2) Perform two reactions using the same following ingredients: lOxPCR Buffer 5 .mu.l, 
10 mM dNTPs 1-2.5 .mu.l, RM primer 3 .mu.l, M13F primer 3 .mu.l, Taq polymerase (5 
U/.mu.l) 1 .mu.1, and Eluted DNA 36 .mu.l, Reactions were carried out at 94 C for 1 min; 
7 cycles of 30 sec at 93 C, 3 min at 51 C, 2 min at 68 C, followed by a final extension 
step at 68 C for 6 min. 

(3) Binding biotinylated DNA onto magnetic beads. Add 50 .mu.l Dynabead M-28- 
Steptavidin slurry to each of two tubes. Use magnet to immobilize beads and remove 
supernatant Wash beads once. Add 100 .mu.l 2X B+W to the tube, 50 .mu.l water and 50 
.mu.1 amplification products to each tube. Incubate 1 5 minutes at room temperature. Mix 
intermittently. Wash three times, removing the wash each time. Wash twice with IX 
restriction enzyme buffer. Resuspend beads in 50 .mul IX restriction enzyme buffer. 
Proceed immediately to step 5 below. 

(4) Restriction digestion, precipitation and ligation. Add 2 .mu.l EcoR I (20 units) into 
each beads of two reaction tubes. Incubate at 37 degree C for 2 hours. Gently mixing 
intermittently. Magnet, collect supernatant Heat to inactivate restriction enzymes at 66 
degree C for 15 min. Ethanol precipitation: mix 50 ,mu.l sample, 1 .mu.l glycogen, 
30.mu.l NEMO AC (7.5M), and 240 .mu.l ethanol. Spin for 30 min at 4 degree C. Wash 
once with 70 % ethanol, centrifuge and remove ethanol. Resuspend DNA in 5 .mu.1 of 
ligation mixture containing 0.5 .mu.1 10X ligation buffer, 0.5 .mu.1 T4 DNA ligase, 4 
.mu.1 water. Incubate overnight at 16 degree C. Add 25 .mu.l of water to ligation mixture 
and proceed to amplification below, or store at -20 degree C. 

Final amplification 
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(5) Mix the following components in each of two reaction tubes. lOXPCRBuffer 5 .mu.1, 
10 mM dNTPs 1-2.5 .mu.l, M13R primer 9 .mu.1, Ligated DNA 1 5 .mu.l, Taq 
polymerase (5 UAmu.l) 1 .mu.1, and Water 27 .mu.l. Reactions were carried out at 94 C 
for 1 min; 2 cycles of 20 sec at 93 C, 45 sec at 54 C, 1 min at 68 C; 2 cycles of 20 sec at 
93 C, 45 sec at 52 C, 1 min at 68 C; 36 cycles of 20 sec at 93 C, 45 sec at 50 C, 1 min at 
68 C, followed by a final extension step at 68 C for 6 min Take 1 8 .mu.l of amplification 
product from each of two reactions, add 1.5 .mu.l restriction buffer, add 2 .malEcoRI to 
each reaction. Incubate at 37 degree C for 2 hours. Electrophoresis separates the digestion 
products. 

A control conventional multiplex PCR was performed as follows: First amplification, 
10xPCRBuffer5 .mu.1, 10 mM dNTPs 1-2.5 ,mu.l, F-RM primer 6 .mu.1, Water 34 
.mu.1, Taq polymerase (5 U/.mu.l) 1 .mu.1, and Human genomic DNA 1 .mu.l (lOOng- 
500ng). Reactions were carried out at 94 C for 1 min; 30 cycles of 30 sec at 93 C, 2 min 
at 51 C, 2 min at 68 C, followed by a final extension step at 68 C for 6 min Second 
amplification was performed using the following ingredients: lOxPCR Buffer 5 .mu.1, 1 0 
mM dNTPs 1 -2.5 .mu.1, M13R primer 3 .mu.1. M13F primer 3 .mu.1, Taq polymerase (5 
U/.mu.l) 1 .mu.1, First amplification product 2 mu.1, and water 35 mu.1. Reactions were 
carried out at 94 C for 1 min; 30 cycles of 30 sec at 93 C, 1 min at 51 C, 1 min at 68 C, 
followed by a final extension step at 68 C for 6 min. 

Result. An acrylamide gel was run with loading products from traditional multiplex PCR, 
singleplex PCR mixture, F-R reaction and F-RM reaction. The result is shown in FIG. 1 1 . 
The result demonstrates that the traditional PCR gave a poor result compared with 
singleplex PCR mixture control. The results from F-R and F-RM reactions gave similar 
patterns and are comparable with the singleplex PCR mixture control, indicating most of 
target fragments were amplified. The result also demonstrates that there is no much 
difference between reaction F-R and reaction F-RM, indicating that the use of nested 
reverse primers does not offer significant advantage in this experiment 



EXAMPLE 3 
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Multiplex detection of enteric bacteria 

Two universal primers M14F and M14R were designed, M14F was tagged with biotin. 
One forward and two reverse primers were designed for each target The forward primers 
comprise 3' end complementary portion and 5' end non-complementary portions which 
comprise a common first restriction site (EcoRI). Two reverse primers were designed, 
one of which the nested reverse primers comprise complementary portion and non- 
complementary portion. Primers were designed to detect Vibrio cholerae (target genes 
cholera toxin ctx and rtx), Salmonella typhi (Vi antigen B,ViaB), Shigella dysenteriae 
(O-antigen polymerase, Rfc), Salmonella species (Invasion protein InvA), Shigella 
species (Invasive protective antigen H), E. coli 0157 (Intimin and rfbA), and Listeria 
monocytogenes (hly and inlB). 



TABLE 2 



PRIMER CODE 



SEQUENCE 5' - 



M14F 

M14R 

FCTX 

RMCTX 

RCTX 

FRTX 

RMRTX 

RRTX 

FVIAB 



RVIAB 
FINVA 



RMINVA 



RIPAH 

F157 

RM157 

R157 

FEAE 

RMEAE 

REAE 

FHLY 

RMHLY 

RHLY 

FINLB 



RMVIAB 



RINVA 

FRFC 

RMRFC 

RRFC 

FIPAH 



RMIPAH 



5' -Biotin-AAAAGTGGAACGACGGCGAGAATT 
GCGGAAACAGCT AT GACCAT G 

GTGGAACGACGGCGAGAATTCGGGGCATACAGTCCTCATCCA 

GC GGAAACAGCTATGACCAT GGGAAAC CT GCCAAT CCATAAC 

GTGGAACGACGGCGAGACTCTTCCCTCCAAGCTCTATGCTC 

GTGGAACGACGGCGAGAATTCGACGAAGATCATTGACGACCTC 

GCGGAAACAGCTAT GAC CATGCC GCTT CATCGT CGTTAT GT G 

GT GGAACGACGGC GAGAGAT AGGT GGT GT GAT GCT GCT GAG 

GT GGAACGACGGCGAGAATT CCCTT GCACGTT TTT GGTT GACAGA 

GCGGAAACAGCTAT GAC GATGGATAGCGC GGCTGACGTACT C 

GT GGAACGACGGC GAGACTGAAT CCGGCAATAACAGATAGC 

GT GGAACGACGGC GAGAATTCGGTGAAAT TAT CGCCAC GTT CG 

GCGGAAACAGCTAT GACCATGCACCGTCAAAGGAACCGTAAAG 

GT GGAACGACGGC GAGGGT CATC CC CACC GAAATACC 

GT GGAACGACGGC GAGAATTCGACTGATACCATGGTGCAAAAGC 

GCGGAAACAGCTAT GACCAT GCT CGGGATTGGCAGCCTTTAAT C 

GTGGAACGACGGCGAGAGGGTAAGTTCTCTTCAGACCCTGAAGG 

GT GGAACGACGGCGAGAATT CAC GGCTTCTGACCATAGCTT CGGCAGT G 

GCGGAAACAGCTAT GACCATGCGATAATGATACCGGCGCTCTG 

GT GGAAC GACGGC GAGATCCTGGTCCATCAGGCAT CAGAAG 

GTGGAACGACGGCGAGAATTCGGCTTCAAGATCTTTGGCAAC 

GCGGAAACAGCTAT GACCATGCAGTTTGTCGAAATGGCAGC AG 

GT GGAAC GACGGC GAGAGCAACAGGAGTC CAATACTCAGTC 

GT GGAACGACGGCGAGAATT CAGCCGTTACGATCT GGTTCAGC 

GCGGAAACAGCTATGACCATGCCTGGTAGTCTTGTGCGCTTTG 

GT GGAACGACGGCGAGACTGCCACCTT GCACATAAGCAG 

GT GGAACGACGGCGAGAATT CTACCAATTGCGCAACAAACT GAAG 

GC GGAAACAGCTAT GAC CATGGCTCGAAATTGGATTCACAACTT G 

GT GGAACGACGGC GAGATTAGTCATTCCT GGCAAATCAATGC 

GT GGAACGACGGCGAGAATT CGT GAT GAT GGC GATTAT GAAAAACC 
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RMINLB GC GGAAAC AGCTAT GAC CAT GCT CTTT CAGT GGT T GGGTTACT CTC 

RINLB GTGGAAC GACGGCGAGACC GTT C CAT CAACAT CATAACTTACTG 



Bacteria DNA samples were prepared by standard extraction from culture using a kit 
provided by Promega. Each bacterium DNA was prepared at a concentration of 1 ng/.mu. 
1. DNA mixture was prepared by mixing equal amount of each bacterium DNA. Primers 
were diluted as follows: M14R, 5 .mu.M; M14F, 5 .mu.M; Each of Forward (F) primers, 
20.mu.M; Each of reverse M (RM) primers, 20 .mu.M; Each of reverse (R) primers, 20 
.mu.M Primer mix F-RM was made by mixing all F primers and ail RM primers. Primer 
mix RM was made by mixing all RM primers. Primer mix R was made by mixing all R 
primers. Primer mix F-R was made by mixing all F primers and all R primers. The above 
primer mixtures were diluted to a concentration of 0.1 .mu.M for each individual primer. 
Singleplex PCR were performed on each pair of primer which showed that all primer 
pairs worked. All singleplex PCR products were mixed together to serve as a control in 
gel electrophoresis. 

Experiments were performed to examine three conditions: (a) procedure using nested 
reverse primer and biotin mediated immobilization; (b) procedure using nested reverse 
primer without biotin mediated immobilization; and (c) procedure not using nested 
reverse primer, nor biotin mediated immobilization. 

The results show that all three conditions tested gave comparable results which clearly 
demonstrated an improved amplification compared with traditional multiplex PCR The 
condition (a) using nested primers and biotin-beads mediated immobilization gave less 
non-specific amplification of high molecular weight products. The condition (b) and (c) 
gave similar results for targets amplified, however, the condition (c) sometimes gave 
some non-specific bands. Because of the simplicity of condition (c), this procedure can 
be useful when the starting DNA template is at low concentration. 
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CLAIMS 

What is claimed is: 

1 . A method of analyzing multiple targets in a polynucleotide sample, said method 
comprising 

(a) providing a set or sets of multiple primers with target nucleic acids in reactions of 
primer extension or amplification, wherein said reactions produce nucleic acid products 
in that each nucleic acid fragment comprises at least one restriction site; 

(b) digesting said nucleic acid products on said restriction sites with cognate restriction 
enzymes; 

(c) joining digested products of step (b), whereby randomly joined nucleic acid 
fragments are created; 

(d) amplify joined products of step (c); and 

(e) detecting amplified products of step (d). 

2. The method of claim 1, wherein said primers are oligonucleotides comprising 3' 
complementary portion, or 3* complementary portion and 5' non-complementary 
portion. 

3 . The method of claim 1, wherein said a set or sets of multiple primer comprise 
mixtures of target specific primers, wherein primer pairs of forward primers and reverse 
primers specific for each target are included. 

4. The method of claim 1, wherein said a set or sets of multiple primer comprise 
mixtures of target specific reverse primers and universal primer, wherein said universal 
primers comprise sequence identical or homologous to said non-complementary portion 
of target specific forward primers. 

5. The method of claim 3, wherein said primers or a subset of said primers comprise 
capture moiety. 
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6. The method of claim 5, wherein said capture moiety is biotin. 

7. The method of claim 1, wherein said primer extension is first strand cDNA 
synthesis from target RNA in the presence of a set of target specific primers, random 
primers or oligo dT primers. 

8. The method of claim 1, wherein said primer extension is second strand cDNA 
synthesis in the presence of a set of target specific primers or random primers. 

9. The method of claim 1, wherein said amplification is polymerase chain reaction. 

10. The method of claim 1, wherein said amplification is carried out at least once for 
1 to 30 cycles. 

1 1 . The method of claim 1, wherein said amplification is carried out at least once for 
3 to 15 cycles. 

12. The method of claim 1, further comprising purification and isolation steps before 
and/or after said step of digesting said nucleic acid products on said restriction sites 
with cognate restriction enzymes. 

13. The method of claim 12, wherein said purification and isolation steps comprise 
immobilizing said nucleic acid product on a solid support. 

14. The method of claim 13, wherein said solid support is streptavidin coated beads. 

15. The method of claim 1, wherein said joining is by ligation using a DNA ligase. 

16. The method of claim 1, wherein said amplifying is performed using said a set or 
sets of multiple primers. 
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17. The method of claim 1, wherein said amplifying is performed using universal 
primers having sequences identical or homologous to non-complementary portions of 
target specific primers. 

18. The method of claim 17, wherein said universal primers comprise fluorescence 
dye labels. 

19. The method of claim 1, wherein said restriction sites are located on target 
sequences or on primer sequences, wherein locations of said restriction sites are chosen 
such that amplification products digested on said restriction site are distinguishable by 
their sizes and/or labels. 

20. The method of claim 1, wherein said restriction sites are the same restriction site 
for all nucleic acid fragments generated in said reactions. 

21. The method of claim 1, wherein said restriction sites are different and specific for 
a subset of targets. 

22. The method of claim 1, wherein said detecting is electrophoresis. 

23. The method of claim 1, wherein said multiple targets comprise SNPs or 
mutations. 

24. The method of claim 1, wherein said a set or sets of multiple primer comprise 
mixtures of reverse primers and allele-specific forward primers, wherein two allele- 
specific forward primers and one common reverse primer for each target are included. 

25. The method of claim 24, wherein said allele-specific forward primers comprise 
3'ends which are complementary to either allele at mutation or polymorphism sites. 
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26. The method of claim 24, wherein each of said two allele-specific forward primers 
comprises allele-specific restriction site that is different and specific for each allele and 
is located 5' of the complementary portion of said allele-specific forward primers. 

27. The method of claim 24, wherein said two allele-specific forward primers 
comprise the same restriction sites that have different locations. 

28. The method of claim 24, wherein said allele-specific forward primers comprise 
first and second restriction sites in non-complementary portion of each primer, wherein 
said first restriction sites on all forward primers in a set of multiple primers are the 
same restriction site and are located 5' of said second restriction sites, whereas said 
second restriction sites are allele-specific restriction sites which are different and 
specific for each of said two allele-specific forward primers and are located 5 7 of the 
complementary portion of said allele-specific forward primers. 

29. The method of claim 28, wherein said second restriction sites produce 5' 
protruding ends after digestion. 

30. The method of claim 1, wherein said step of detecting amplified products 
comprising 

(a) purifying amplified products; 

(b) digesting amplified products; 

(c) extending with a DNA polymerase in the presence of fluorescence dye labeled 
terminators; and 

(d) putting extended DNA product of step (c) into a electrophoresis system. 

3 1 . The method of claim 30, wherein said step of purifying amplified products 
comprises eliminating dNTP and primers. 

32. The method of claim 30, wherein said eliminating dNTP and primers comprises 
incubating with shrimp alkaline phosphatase and exonuclease I. 
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33. The method of claim 30, wherein said step of digesting amplified products 
comprises digesting on said restriction sites. 

34. The method of claim 30, wherein said step of digesting amplified products 
comprises digesting on said first restriction sites. 

35. The method of claim 30, wherein said step of digesting amplified products 
comprises digesting on said second restriction sites. 

36. The method of claim 30, wherein said terminators are ddNTP. 

37. The method of claim 30, wherein said electrophoresis system is a gel or capillary 
electrophoresis system. 

38. The method of claim 30, wherein said electrophoresis system is DNA sequencer. 

39. An oligonucleotide primer for the detection of a target nucleic acid sequence, said 
primer comprising 3* complementary portion and 5' non-complementary portion, 
wherein said 5' non-complementary portion comprises at least one restriction enzyme 
site, wherein said restriction site acts as detection marker in the process of detecting 
said target nucleic acid sequence, whereby detection signal generated from enzymatic 
manipulation on said restriction site of a reaction product is indicative of the presence 
of said target nucleic acid sequence. 

40. An oligonucleotide primer of claim 39, wherein said restriction site is allele- 
specific, gene-specific or SNP-3pecific. 

41. A method of analyzing multiple targets in a polynucleotide sample, said method 
comprising 
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(a) providing different sets of multiple primers with target nucleic acids in separate 
reactions of primer extension or amplification, wherein said separate reactions produce 
nucleic acid products in that each nucleic acid fragment comprises at least one 
restriction site; 

(b) digesting said nucleic acid products of said separate reactions on said restriction 
sites with cognate restriction enzymes; 

(c) joining digested products derived from said separate reactions together, whereby 
randomly joined nucleic acid fragments from said separated reactions are created; 

(d) amplify joined products of step (c); and 

(e) detecting amplified products of step (d). 

42. A kit for use in the analysis and detection of multiple targets in a polynucleotide 
sample, said kit comprising: said a set or sets of multiple primers, said universal 
primers, said restriction enzymes, said DNA ligase, said DNA polymerase, said ddNTP, 
buffers for all enzymes, dNTPs. 
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